The hormonal status of rats affected vaginal infection with Candida albicans. Four hours after infection viable counts were higher and germ tubes were longer in those animals in estrous than in other animals. However, the infection was not maintained with the change in epithelial cell type which occurred as part of the estrous cycle. Estrogen dosing following ovariectomy predisposed toward infection, while progesterone dosing did not. In rats injected with progesterone, germ tube clumping was seen, leukocytes were present, and elimination occurred before hyphal growth was evident. In rats injected with estrogen, however, infection was maintained, with hyphal growth extending throughout the cornified epithelial layer. Vaginal washings from rats dosed with estrogen promoted elongation of germ tubes in vitro to a greater extent than washings from other rats. Preincubation of blastospores in progesterone and subsequent infection of rats in pseudoestrous promoted clumping of germ tubes in the vagina. Strains of C. albicans varied in their virulence, which correlated with their ability to produce germ tubes in vitro. Loss of virulence occurred on subculture of a clinical isolate.
The hormonal status of rats affected vaginal infection with Candida albicans. Four hours after infection viable counts were higher and germ tubes were longer in those animals in estrous than in other animals. However, the infection was not maintained with the change in epithelial cell type which occurred as part of the estrous cycle. Estrogen dosing following ovariectomy predisposed toward infection, while progesterone dosing did not. In rats injected with progesterone, germ tube clumping was seen, leukocytes were present, and elimination occurred before hyphal growth was evident. In rats injected with estrogen, however, infection was maintained, with hyphal growth extending throughout the cornified epithelial layer. Vaginal washings from rats dosed with estrogen promoted elongation of germ tubes in vitro to a greater extent than washings from other rats. Preincubation of blastospores in progesterone and subsequent infection of rats in pseudoestrous promoted clumping of germ tubes in the vagina. Strains of C. albicans varied in their virulence, which correlated with their ability to produce germ tubes in vitro. Loss of virulence occurred on subculture of a clinical isolate.
Hormonal changes appear to predispose women to vaginal candidiasis, which is one of the most common gynecological complaints in Europe and North America. Thus, pregnancy seems an important predisposing factor (13) ; indeed, Hurley (6) recognized vaginal thrush as one of the most common infectious diseases of pregnancy. When pregnant and nonpregnant women were experimentally inoculated with Candida albicans, a greater incidence of infection occurred in the pregnant women (2) . Also, vaginal carriage of candida is greater in pregnant women than in nonpregnant women (13) . There have been conflicting reports regarding the role of oral contraceptives in vaginal candidiasis, possibly arising from the lack of attention to the particular type of pill used. Apisarnthanarax et al. (1) reviewed the contrasting views but also noted that the use of a combined estrogenic type of oral contraceptive was more commonly associated with candidiasis than the sequential type. With regard to recurrent Candida infections, little has been documented on the time of the recurrence in the menstrual cycle, but the infections tend to become clinically evident premenstrually (13) .
The role that mammalian hormones may play in predisposing to Candida infections has not been elucidated. Moreover, there have been few investigations of the virulence of this organism with specific reference to vaginal infection. A rat model for vaginal candidiasis which was developed for chemotherapeutic purposes (12, 17, 18, 21) has recently been used to investigate the pathogenicity of candida in vaginal infections (20, 21) . In the present study we used the rat model to further investigate the effect of host hormonal factors on infection and virulence differences between strains of Candida.
MATERIALS AND METHODS
Candida strains. C. albicans C316 was subcultured continuously for many years. C. albicans 2402E was a fresh isolate from a case of vaginal candidiasis that was subcultured only twice and maintained as a stock culture in liquid nitrogen [designated strain 2402E(N)]. Unless otherwise stated experiments were carried out with strain 2402E(N).
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Further subcultures of this strain once a week for 6 months were designated 2402E(S). Strain 2402E(V) was reisolated from the rat vagina 1 day after infection with strain 2402E(S).
Animals dried, and subsequently coated for the scanning electron microscope.
Vaginal washings were obtained by introducing 1 ml of saline into the vagina with a syringe and collecting the expelled fluid. For viable count determinations, dilutions were plated on Sabouraud maltose agar. Results of previous work (7) have shown a direct correlation between counts obtained by vaginal lavage and counts obtained by mascerating vaginal tissue, although the majority of organisms remained bound to vaginal epithelium when lavage took place. In this study results of experiments in which lavaged and nonlavaged rats were compared indicated that daily lavage did not reduce viable counts. To test the reproducibility of the sampling technique, 10 normal rats were injected with 6.2 x 107 CFU of C. albicans and immediately sampled. The mean log10 CFU/ml of washing was 6.60 ± 0.29 (standard deviation).
When vaginal washings were collected from uninfected animals for germ tube tests, the washings were taken on 5 consecutive days from groups of five rats, pooled within groups, centrifuged at 1,500 x g for 5 min to sediment epithelial cells, filtered with a Millipore filter, and stored at -20°C. The level of estriol in urine and vaginal washings was determined with a radioimmunoassay kit (Amerlex; Amersham International p.l.c., Amersham, Bucks, England).
Germ tube test. Mouse kidney extract was prepared by emulsifying 10 kidneys from adult mice in 5 ml of saline with a tissue grinder, followed by centrifugation at 5,000 x g for 5 min to remove cell debris. The homogenate was filter sterilized. Serum and kidney extracts were stored at -20°C prior to the test and were diluted in saline. Suspensions of blastospores were stored frozen in liquid nitrogen and diluted in the test medium or saline to give 2 x 106/ml. albicans. Four hours after intravaginal infection with a blastospore suspension of C. albicans 2402E, higher counts were obtained in vaginal washings in those rats which were in estrous compared with those that were in diestrous ( Table  1 ). The phase of the estrous cycle was indicated by the epithelial cell type in a Papanicolaou stain of a vaginal scraping. The rats with the highest counts showed orangestained cornified epithelial cells and an absence of leukocytes, which is indicative of the estrous phase. Germinated blastospores were detectable in most scraping samples; however, the lengths of the germ tubes were longer in those rats in the estrous phase ( Table 1) . Clumping of the blastospores was evident in some rats that were in diestrous. Elimination of all infection occurred between 4 and 48 h after infection, as changes in the epithelium occurred with a concomitant influx of leukocytes ( Table 2) as part of the estrous cycle. Although the cycle lasted for 4 to 5 days, cornified cells were present for less than half of the cycle.
Effect of ovariectomy followed by hormone treatment on infection. The hormone status of rats was artificially manipulated by ovariectomy followed by weekly injections of estrogen, progesterone, or both; and the infection was followed by viable counting of vaginal washings, microscopy of Papanicolaou smears, and histology of infected animals. In Fig. 1 are shown the viable counts detected in vaginal washings after an inoculum of 107 blastospores of C. albicans 2402E. Estrogen administration promoted maintenance of infection, while progesterone administration did not. The results of dosing with progesterone and estrogen were similar to estrogen dosing alone. Other experiments (data not shown) confirmed that infection was not maintained in those cases in which no hormone was given. Germ tubes developed in each rat group, but in the case of progesterone-dosed rats clumping of the germ tubes was seen ( Fig. 2A) , leukocytes were present (Fig. 2B) , and elimination occurred before hyphal growth was evident. However, with estrogendosed rats infection was maintained, with hyphae extending throughout the epithelial layer (Fig. 3) . When no hormone was given to ovariectomized rats, the cell type was variable. Epithelial scrapings examined by scanning electron microscopy revealed that in samples from rats given progesterone the coat of the blastospore appeared rough (Fig. 4) ; however, in samples from rats given estrogen, clumping did not occur and the blastospore appeared smooth.
Vaginal washings were pooled from uninfected rats receiving the same hormone treatments. Development of germ tubes in these washings was measured after 3 h of incubation in vitro with the same strain of C. albicans (2402E). In Table  3 are shown the values that were obtained. Although germ tubes developed in all groups, the washings from estrogendosed rats stimulated the elongation of the germ tubes to a greater extent than the other groups. Addition of 0.1 F.M (27 ng/ml) estradiol to washings from normal rats did not increase the level of germination. By a radioimmunoassay no estriol was detectable (0-to 100-ng/ml range) in the vaginal washings of the estrogen-treated rats, although 3.7 ng/ml was detectable in the urine of these animals.
Effect of preincubation in hormones on the infectivity of C. albicans 2024E. Rats which were in pseudoestrous were infected with 107 blastospores which previously had been VOL. 53, 1986 on June 30, 2017 by guest http://iai.asm.org/ Downloaded from All three strains were investigated for their ability to produce germ tubes in vitro. The percentage of germination was as follows: C. albicans 2402E(N), 90%; 2402E(S), 21%; 2402E(V), 17%. Again, the strain with the greatest ability to produce germ tubes in vitro was the most virulent in vivo.
DISCUSSION
Results of this study indicate that host factors in the rat which predispose toward vaginal infection with C. albicans include the presence of a cornified epithelium and the absence of leukocytes. These conditions are present at estrous or with artificial manipulation involving ovariectomy and the administration of estrogen. A predisposition to candida infection in animals given estrogen has been noted before in mice (9, 24) and in rats (7, 18) , and has been explained by greater adherence of blastospores to vaginal cells from animals in estrous or pseudoestrous in vivo (9, 19) and in vitro (J. D. Sobel and G. Muller, Abstr. 24th Intersci. Conf. Antimicrob. Agents Chemother., abstr. no. 693, 1984) . In the present study we have identified an additional factor, namely, that maintenance of infection is only possible when yeast hyphal elements penetrate the cornified layer and thus are not readily eliminated with cell turnover. Sobel et al. (23) blastospores were germinated in vaginal washings from rats dosed with various hormones. Thus, the microenvironment, apart from the epithelial cell type, is an important factor in promoting growth of hyphae. The relationships reported above could be explained by hormonally related changes in the vaginal environment which then affect the C. albicans strain. For example, degeneration of cells with concomitant release of nutrients into the environment could occur under estrous conditions. It is interesting in this connection that in the study of Larsen et al. (8) the highest bacterial counts in the vagina also occurred at the same time as the estrous phase in the rat.
Recent studies have shown that C. albicans can bind mammalian hormones. Both progesterone and corticosterone were bound to a protein in the cytosol (10, 14) , while Wagner considered progesterone to coat the yeast cell (G. E. Wagner, Abstr. 23rd Intersci. Conf. Antimicrob. Agents Chemother., abstr. no. 1037, 1983). There has been one report of an estrogen receptor in candida (B. L. Powell, C. L. Frey, and D. J. Drutz, Abstr. 23rd Intersci. Conf. Antimicrob. Agents Chemother., abstr. no. 751, 1983). Other yeasts have also been shown to bind to mammalian hormones. Coccidiodes immitis has been reported to have a high-affinity receptor for estradiol and progesterone and a low-affinity receptor for testosterone (15, 16) . Paracoccidiodes brasiliensis binds estradiol and inhibits the mycelial to yeast transformation (11) which in this organism is the initial step in the establishment of infection. The nonpathogenic yeast Saccharomyces cerevisiae has been found to bind estradiol (3), and more recently these authors have described estradiol as an endogenous ligand of this yeast (4) . Thus, mammalian hormones may affect the metabolism of C. albicans or may mimic endogenous steroid compounds involved in metabolic control, or the hormones may induce a host metabolite which then affects the C. albicans strain. We could not detect any direct effect of the hormones on the C. albicans strain, but it is possible that a steroid transformation occurred in vivo which was then active on the C. albicans strain. Thus, there appears to be a relationship between hormonal factors, the microenvironment, and the pathogenic process; and further investigations of this relationship are important.
The rat model of vaginal candidiasis described here detected differences in the virulence in strains of Candida. Subculturing in vitro resulted in the selection of less-virulent organisms, and this was correlated with a reduction in the ability to produce germ tubes in vitro. This supports the work of Sobel et al. (21, 22) , who have described the capacity to produce hyphae as an important virulence factor in the pathogenesis of candidal vaginitis. Patients with symptomatic vaginitis almost always have germinated organisms in their secretions. Further basic research into pathogenic mechanisms may elucidate the likely factors involved in the transformation from the commensal to the pathogenic state in humans. 
